Many published reports consider blockade of the femoral nerve distribution the best available analgesic treatment after anterior cruciate ligament reconstruction. However, some argue that an alternative approach of infiltrating local anaesthetic into the surgical site has similar efficacy. The objectives of this meta-analysis were to compare the analgesic and functional outcomes of both treatments following anterior ligament reconstruction. The primary outcomes were pain scores at rest (analogue scale, 0-10) in the early (0-2 postoperative hours), intermediate (3-12 hours) and late postoperative periods (13-24 hours). Secondary outcomes included range of motion, quadriceps muscle strength and complication rates (neurological problems, cardiovascular events, falls and knee infections). Eleven trials, including 628 patients, were identified. Pain scores in the early, intermediate and late postoperative periods were significantly lower in patients who received a femoral nerve block, with mean differences (95%CI) of 1.6 (0.2-2.9), p = 0.02; 1.2 (0.4-1.5), p = 0.002; and 0.7 (0.1-1.4), p = 0.03 respectively. The quality of evidence for our primary outcomes was moderate to high. Regarding functional outcomes, only one trial reported a similar range of motion between groups at 48 postoperative hours. No trial sought to record complications. In conclusion, femoral nerve block provides superior postoperative analgesia after anterior cruciate ligament reconstruction to local infiltration analgesia. The impact of improved analgesia on function remains unclear due to the lack of reporting of functional outcomes in the existing literature.
Introduction
Many authors consider femoral nerve block, or blockade of the distal femoral nerve distribution, to be the best available analgesic option after anterior cruciate ligament reconstruction [1] . This technique relies on the administration of local anaesthetics close to the femoral nerve. The sensory distribution of this nerve is responsible most of the pain after knee surgery, but its blockade has been incriminated in quadriceps muscle paresis [1] . An alternative approach is local infiltration analgesia; this was developed more than 40 years ago and consists of injecting local anaesthetics into the orthopaedic surgical site [2] . The simplicity of this technique and the absence of motor weakness of the leg are the two main reasons behind the widespread use of local infiltration analgesia among orthopaedic surgeons [3] . Several randomised controlled trials have attempted to define the optimal analgesic approach, but failed to demonstrate consistent results [4] [5] [6] [7] . A systematic review, which was limited only to a qualitative assessment, previously concluded that both analgesic approaches were equivalent [8] . With the goal of providing a more rigorous evidence-based conclusion, we undertook this meta-analysis to compare the analgesic efficacy, functional outcomes and techniquerelated complications of femoral nerve block and local infiltration analgesia after anterior cruciate ligament reconstruction in adolescents and adults.
Methods
This investigation was conducted following the recommended process described by the 'preferred reporting items for systematic reviews and meta-analyses' (PRISMA) statement [9, 10] . The systematic search, detailed in the Online Supporting Information, included the electronic databases: MEDLINE, PubMed, EMBASE and the Cochrane Central Register of Controlled Clinical Trials (CENTRAL) up to May 2017.
The meta-analysis addresses male or female adolescents or adults undergoing anterior cruciate ligament reconstruction. Only randomised trials comparing local infiltration analgesia with a group of participants having femoral nerve, saphenous nerve, or adductor canal blocks were included in the present meta-analysis. Retrospective studies [11] or case series [12] were excluded.
Extracted trial characteristics included: the technique of local infiltration analgesia and peripheral nerve block; type, concentration and volume of local anaesthetics injected; intra-operative anaesthetic strategy; and postoperative analgesia management. The quality of the research methodology of each randomised controlled trial was assessed following the Cochrane Collaboration's risk of bias tool for randomised controlled trials [13] . Two authors (KK and SG) separately screened, reviewed and rated the items for each trial using this method and extracted data for the analyses. Disagreements over scoring or extracted data were addressed after discussion with a third author (EA). The specific outcomes sought from each article were derived following an approach described in two previous meta-analyses on acute postoperative pain [14, 15] . The primary acute pain-related outcomes were defined as pain scores at rest in the early (the first two postoperative hours), intermediate (between 3 and 12 hours) and late (between 13 and 24 hours) postoperative periods. Secondary acute painrelated outcomes included were intravenous (i.v.) morphine consumption equivalents in the early, intermediate and late postoperative periods; duration of analgesia; and pain scores on movement in the early, intermediate and late postoperative periods. Additional functional outcomes evaluated were: the range of motion or knee flexion on postoperative days 1 and 2; quadriceps muscle strength on postoperative days 1 and 2; and any other functional outcomes such as the Y test [16] or the Anterior Cruciate Ligament Return to Sport after Injury Score (ACL-RSI) [17] . We also aimed to capture any analgesic technique-related complications, such as the rate of neurological problems, cardiovascular events, falls, knee joint infections or knee chondrolysis.
Mean (SD), standard error of the mean, 95% confidence interval (CI), number of events and total number of participants were extracted from the text, tables or graphs from each source study. If a trial did not report the sample size or results as a mean (SD) or standard error of the mean or 95%CI, the authors were contacted twice by email to request the missing data, or alternatively, the raw dataset. If no response was received from these requests, median and interquartile range were used as an approximation for mean and standard deviation, with the mean estimated as equivalent to the median and the standard deviation approximated to be the interquartile range divided by 1.35 or the range divided by 4 [18] . All opioids were converted into equianalgesic doses of i.v. morphine for analysis (i.v. morphine 10 mg = oral morphine 30 mg = i.v. hydromorphone 1.5 mg = oral hydromorphone 7.5 mg = i.v. pethidine 75 mg = oral oxycodone 20 mg = i.v. tramadol 100 mg) [19, 20] . Pain scores reported as visual, verbal or numerical rating scales (NRS) were converted to a standardised 0-10 scale for quantitative evaluation. Finally, we rated the quality of evidence for each outcome following the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) system [21] .
Meta-analyses were performed with the assistance of Review Manager software (RevMan version 5.3.5; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 2014). This software estimates the weighted mean differences in continuous data and risk ratio for categorical data between groups, with an overall estimate of the pooled effect. We conducted a meta-analysis when two or more trials reported an outcome of interest. I 2 was used to evaluate heterogeneity with predetermined thresholds for low (25-49%), moderate (50-74%) and high (> 75%) levels [22] . Data were analysed using a random effects model, as most were heterogeneous, and are presented as the mean difference or relative risk (RR) with 95% CI. Publication biases were evaluated for our primary outcomes by drawing a funnel plot of standard error of the mean difference (y-axis) as a function of the mean difference (x-axis) and confirmed with Duval and Tweedie's trim and fill test [23] , performed using Comprehensive Meta-analysis Version 2 software (Biostat, Englewood, NJ, USA). Finally, a trial sequential analysis was executed on the primary outcomes to address the issue of the cumulative size [24, 25] and to confirm whether reliable evidence was reached or not [26] (TSA software version 0.9.5.5 Beta; Copenhagen Trial Unit, Center for Clinical Intervention Research, Rigshospitalet, Copenhagen, Denmark). A two-sided p < 0.05 was considered significant.
Results
From the literature search, 237 citations were identified, of which 11 met the inclusion criteria, representing a total of 628 participants ( Fig. 1 ) [4] [5] [6] [7] [27] [28] [29] [30] [31] [32] [33] . Two of the included trials were conducted in adolescent populations [32, 33] . Table 1 presents the trial characteristics. According to our assessment (Fig. 2) , the majority of trials had a high risk of bias, except three [6, 28, 31] . Attempts were made to contact six authors [4-6, 27, 31, 32] , of whom two provided the additional data requested [6, 31] . Data were approximated from median and range in four trials [4, [28] [29] [30] .
Seven trials compared single-shot injection techniques, whereas three studied continuous infusion techniques [4, 27, 30] , and one investigated an overnight continuous femoral nerve block with a single injection of local infiltration analgesia [33] . With the exception of three trials where authors used ultrasound guidance [6, 28, 31] and two where the technique was not specified [7, 30] , all authors performed the femoral nerve block with the help of a nerve stimulator only. Long-acting local anaesthetic doses for the initial femoral nerve block injection were 100 mg or less in five trials [6, 7, 28, 29, 31] ; between 100 and 200 mg in two trials [4, 32] ; and 200 mg or more in three trials [5, 27, 33] . Only one trial did not specify the dose used [30] . No trial compared local infiltration analgesia with a saphenous nerve or adductor canal blocks. The total dose of ropivacaine or bupivacaine injected for local infiltration analgesia was consistently 100 mg or less [6, 7, 28, 29, [31] [32] [33] , except in one trial where the authors administered ropivacaine 200 mg [5] , and three where no initial bolus was injected [4, 27, 30] . All authors injected the solution for local infiltration analgesia within the intra-articular compartment [4-7, 27, 29-33] . The local infiltration analgesia solution contained adrenaline in two trials [6, 33] , morphine in two trials [32, 33] and sufentanil or fentanyl in three trials [4, 7, 30] . Finally, in two trials, the solution contained clonidine [31, 32] .
Pain scores at rest in the early (Fig. 3) , intermediate (Fig. 4) and late (Fig. 5 ) postoperative periods were all significantly reduced in the femoral nerve block group. The trial sequential analyses indicated that a reliable quantity of evidence was reached and that femoral nerve block was superior to local infiltration analgesia at reducing pain scores at rest in the early postoperative period (Fig. 6) . The analyses for the other two periods show similar findings. With regard to the funnel plots for our primary outcomes, the Duval and Tweedie's trim and fill test revealed the point estimates (95%CI) for the combined studies to be 0.67 (0.45-0.90), 0.51 (0.34-0.69) and 0.24 (0.08-0.40) for pain scores at rest in the early, intermediate and late postoperative periods, respectively. These findings suggest publication bias, with at least four studies missing. The quality of evidence for our primary outcomes was moderate according to the GRADE working system. Among the secondary outcomes, i.v. morphine consumption equivalents in the late postoperative period, duration of analgesia and pain scores on movement in the intermediate postoperative period significantly favoured the femoral nerve block group (Table 2) . No trial reported i.v. morphine consumption equivalents in the early postoperative period, and only one described equivalent consumption in the intermediate postoperative period [28] . There were no significant differences in the other secondary outcomes.
Regarding functional outcomes, one trial reported a similar range of motion at 48 h postoperatively in both groups, with a mean difference (95%CI) of À5°( À14 to 4), p = 0.27 [6] , and another described reduced quadriceps muscle strength at 24 h but not at 48 h postoperatively in the femoral nerve block group [28] . No trials sought to record side-effects such as neurological events, cardiovascular events, falls, knee infections or knee chondrolysis. Table 3 summarises the findings and the GRADE quality of evidence assessments.
Discussion
This systematic review and meta-analysis compared the analgesic efficacy, functional outcomes and technique-related complications of femoral nerve blockade with local infiltration analgesia after anterior cruciate ligament reconstruction in adolescents and adults. Based on 11 randomised controlled trials, which included a total of 628 participants, we showed that femoral nerve block reduced pain scores at rest at all time periods examined; the trial sequential analysis further confirmed that the threshold for reliable evidence was reached. In addition, femoral nerve block also prolonged the duration of effective analgesia and reduced the total i.v. morphine consumption equivalents at 24 h after surgery when compared with local infiltration analgesia. The quality of evidence for the primary outcomes was moderate, but very low to moderate for the secondary pain-related outcomes due to the limited number of trials reporting them. The absence of our intended functional outcomes and lack of recorded complications in the trials that met inclusion criteria preclude any meaningful conclusion regarding either the functional impact or the safety profile of both analgesic procedures.
Of note, all authors employed an intra-articular injection of local anaesthetics in the local infiltration analgesia group and none sought potential side-effects such as knee chondrolysis. However, an in-vitro study has previously suggested that both bupivacaine and ropivacaine have chondrotoxic properties [34] . These preliminary results were further confirmed by a case Figure 2 Cochrane collaboration risk of bias summary: evaluation of bias risk domains for each included study. Green circle, low risk of bias; red circle, high risk of bias; yellow circle, unclear risk of bias. series of 21 young patients who developed symptoms and near-complete cartilage loss up to 12 months after knee arthroscopy [35] . Unfortunately, the effects described in these reports were devastating, with 20% of the patients requiring total or partial knee arthroplasty at, or before, the age of 30. Conversely, femoral nerve block has been incriminated as a cause of subclinical neuropathy and quadriceps weakness both in a case series [36] and a retrospective study [37] . However, these associations with femoral nerve block were refuted by a recent randomised controlled trial that assessed both outcomes using iterative electrophysiological studies on patients with previous anterior cruciate ligament reconstruction [38] .
Several limitations are inherent in our meta-analysis. First, high heterogeneity due to the different surgical and anaesthetic techniques employed hindered subgroup analysis. In addition, we are unable to comment on the impact of the analgesic technique on functional recovery as these outcomes were not studied. Unfortunately, none of the identified trials investigated the analgesic efficacy of either saphenous nerve or adductor canal blocks vs. local infiltration analgesia. Finally, all of the trials used an intra-articular local infiltration analgesia technique. An area of future research would be the potential benefit derived from a peri-articular technique similar to those described for total knee arthroplasty [39] . Whether such an approach might provide equivalent analgesia to femoral nerve, saphenous nerve or adductor canal blocks without the possible risk of knee chondrolysis [40] is currently unknown.
In conclusion, there is moderate evidence that femoral nerve block provides superior postoperative analgesic efficacy after anterior cruciate ligament *All data based on random effect models. †We rated down for inconsistency and publication bias. Although there also was concern about a moderate risk of bias and imprecision, we did not further rate down the quality of evidence because not every criterion appeared to justify rating down by one level. ‡No serious imprecision as the clinical decision would not be modified regardless of whether the upper or lower boundary limit of the confidence interval represented the truth.
§ ¶We rated down for inconsistency and publication bias. Although there also was concern about a moderate risk of bias, we did not further rate down the quality of evidence because not every criterion appeared to justify rating down by one level.
reconstruction when compared with local infiltration analgesia. The absence of functional outcomes sought the trials precludes any meaningful conclusion regarding the functional impact of the analgesic technique after anterior cruciate ligament reconstruction. These observations strongly suggest the need for a more comprehensive assessment of femoral nerve block (inclusive of adductor canal block) vs. peri-articular infiltration with special consideration for functional outcomes and recovery.
